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Background and purpose: the ankle/brachial pressure index (ABPI) has been shown to be a reliable marker of
cardiovascular risk in population studies. We investigated whether the ABPI was a useful prognostic index for patients
with abdominal aortic aneurysm.
Methods: patients entered into the U.K. Small Aneurysm and Study had their ABPI measured in both legs at baseline
(mean ABPI reported) and were followed up until 30 June 1998, with information about cause of death being obtained
from the Office of National Statistics. This study focussed on cardiovascular and all-cause mortality.
Results: a total of 1827 men and 478 women, mean age 69 years, median aneurysm diameter 4.4 cm, were followed up
for a median of 5.7 years. A total of 829 deaths were reported (rate 8.1 per 100 person-years), 546 (66%) from
cardiovascular causes. The all-cause mortality risk increased as the ABPI decreased, hazard ratio 1.25 per 0.2 unit decrease
in ABPI (95% CI 1.17 to 1.34, p<0.001). For patients in the lowest tertile group (ABPI <0.87) there were 11.6 deaths
per 100 person-years. This increased risk persisted after adjustment for age, sex, evidence of ischaemia on resting ECG
and initial aneurysm diameter, adjusted hazard ratio 1.17 per 0.2 unit decrease in ABPI (95% CI 1.07 to 1.28, p<0.001).
Conclusion: the ankle/brachial pressure index is an important prognostic indicator for patients with abdominal aortic
aneurysm. Patients with an ABPI below 0.87 (limit of lowest tertile) have the highest mortality risk and best clinical
practice demands that attention is focussed on active treatment to minimise their cardiovascular risk factors.
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Introduction effective medical therapy to limit the growth rate of
small AAA. There is some evidence to suggest that
cessation of smoking and good control of blood pres-The U.K. Small Aneurysm Trial was established to
sure may help by reducing the risk of rupture.3 Ofteninvestigate whether early elective surgery provided
the patient with a small AAA will be advised to stopthe best management for patients with small asympto-
smoking, reassured about the risks associated withmatic abdominal aortic aneurysms of 4.0–5.5 cm in
their small aortic swelling and sent away until thediameter. However, there was no survival advantage
next appointment for a routine ultrasound scan. Thisassociated with the policy of early elective surgery,
next appointment may be soon (6 months) or in thethe rupture rate in surveillance patients was very low
distant future (2 years away) or any intermediate(1% per annum) and the cost-benefit ratio was in
time. It is unlikely that any other recommendationsfavour of surveillance.1,2 For these reasons surveillance
concerning the health of the patient will be made.appears to provide the better management of small
Most patients when they present to a vascular sur-abdominal aortic aneurysm (AAA). Surgery is still
geon with a diagnosis of small AAA will have otherrecommended when the aneurysm diameter exceeds
routine investigations, including measurement of5.5 cm and the natural history of AAA is one of re-
blood pressure and ankle pressures. In the absence oflentless increase in diameter, by about 3 mm/year on
associated symptoms, these other measurements areaverage. As yet there is no immediate prospect of an
often ignored. Epidemiological studies in healthy
populations have already demonstrated that ankle
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and mortality.4–6 Here we address the possibility that
ankle pressures may identify those patients with AAA
in greatest need of cardiovascular risk factor modi-
fication.
Patients and Methods
A total of 2305 patients with abdominal aortic an-
eurysm were recruited and followed up in the UK
Small Aneurysm Trial and Study. Patients aged 58–78
years were referred to participating surgeons at 93 Fig. 1. ABPI left leg vs ABPI right leg.
U.K. hospitals between 1991 and 1995. Study patients
were those excluded from the randomised trial: unfit
(n=443), AAA diameter outside 4.0–5.5 cm range (n=
refused trial). Further adjustments were made for the631), AAA tender (n=11) or refusal (n=130). Copies
following baseline measures: age, sex, anterior-pos-of death certificates were obtained from the Office of
terior aneurysm diameter, angina (from Rose ques-National Statistics (ONS). The underlying cause of
tionnaire), evidence of ischaemic heart disease (IHD)death was agreed by two separate assessors working
from ECG, smoking status, total serum cholesterol,to an agreed protocol. Five trained trial co-ordinators
diabetes, systolic and diastolic blood pressure, bodyperformed the baseline assessment, including demo-
mass index, white cell count, blood creatinine, forcedgraphic details, previous medical history, smoking
expiratory volume in 1 s (FEV1), aspirin use and anti-history, clinical examination, blood tests, electro-
hypertensive drug use. Aneurysm diameter, white cellcardiograph (ECG) together with measurement of
count, and creatinine were log transformed due toankle/brachial systolic pressure index (ABPI), forced
right-skew in their original distributions. Non-linearityexpiratory volume in 1 s (FEV1) and aneurysm dia-
in the association between ABPI and survival wasmeter. Active follow-up was carried out at 3- or 6-
investigated by comparing a first degree fractionalmonthly intervals depending on aneurysm size.
polynomial with a linear model.7 Non-proportionalThe effect of ankle/brachial pressure index (ABPI)
hazards for ABPI were investigated by a test for non-on survival was considered in two time-periods: (i)
zero slope in a regression of the scaled Schoenfeldthe long-term survival; (ii) the surveillance period
residuals on time.8before surgical intervention or aneurysm rupture. For
the purposes of analysis the surveillance period ex-
tended from initial assessment until aneurysm repair/
rupture or end of active follow-up. The long-term
survival period extended from initial assessment until
notification of deaths from ONS was discontinued Results
(end November 1998 for Study patients and end June
1999 for Trial patients). In the analysis of cardio- A total of 1827 men and 478 women, mean age 69 years,
median aneurysm diameter 4.4 cm, were followed upvascular deaths, non-cardiovascular deaths were cen-
sored. In the analysis of mortality before aneurysm for a median of 5.7 years, total follow-up 10 242 patient-
years. ABPI was measured at baseline on 2244 patientsrepair, patients were censored at the time of surgery.
Univariate estimates of survival were calculated in both right and left leg. There was a strong correlation
between the ABPI measured in the right leg and theusing the Kaplan–Meier method according to tertiles
of ABPI. Cox proportional hazards models were used left leg, but there also was considerable variation
within patients (Fig. 1). Therefore, we used the averageto estimate adjusted hazard ratios for the effect of
ABPI on survival. Hazard ratios are reported per 0.2 of left and right leg ABPI for further analyses. The
distribution of this average ABPI is shown in Figureunit of ABPI, approximately 1 standard deviation. All
Cox models included adjustments for “design” effects: 2. Median ABPI was lower in women (0.92) compared
to men (0.98). Lower ABPI was also associated withsource of referral (GP, hospital clinic, other), region
(Scotland, London, Leicester, Manchester, Bath), hos- older age, ischaemic heart disease, smoking, higher
systolic blood pressure and aspirin and anti-hyper-pital type (teaching or district general) and study
group (trial, unfit, small aneurysm, going for surgery, tensive drug use, all p<0.001 (Table 1).
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Fig. 2. Distribution of ABPI (average of left and right sides). Fig. 3. Long-term patient survival by tertiles of ABPI.
Table 1. Baseline risk factors and survival by ABPI tertile group. 3). The all-cause mortality risk increased as the ABPI
decreased, hazard ratio 1.25 per 0.2 unit decrease inABPI
<0.87 0.87–1.02 >1.02 ABPI (95% CI 1.17 to 1.34, p<0.001). There was no
evidence that the change in risk was non-linear with
Deaths/n 364/748 247/754 218/742
respect to ABPI (p=0.30), nor was there any evidenceRate (per 100 py) 11.6 6.9 6.2
Females 200 (27%) 169 (22%) 98 (13%) of non-proportional hazards over time (p=0.71). For
Mean age (years) 70.1 69.1 68.9 patients in the lowest tertile group (ABPI <0.87) there
Possible/probable IHD 367 (53%) 321 (45%) 250 (36%)
were 11.6 deaths per 100 person-years; in the upperCurrent smoking 335 (45%) 281 (37%) 223 (30%)
Median aneurysm diameter two tertiles the rate was 6.9 and 6.2 deaths per 100
(cm) 4.3 4.4 4.4 person-years. The increased risk, associated with lower
Mean SBP (mmHg) 162.9 159.7 148.3
ABPI, persisted after adjustment: the adjusted hazardMean DBP (mmHg) 86.4 87.5 84.1
Mean BMI (kg/m2) 24.8 24.8 25.5 ratio was 1.17 per 0.2 unit decrease in ABPI (95% CI
Mean total cholesterol 1.07 to 1.28, p<0.001). There was no evidence to suggest
(mmol/l) 6.4 6.1 6.0
the effect of ABPI differed by sex (p=0.90), smokingMedian blood creatinine
(mol/l) 108 102 104 status (p=0.43) or evidence of ischaemic heart disease
Mean FEV1 (l) 2.0 2.1 2.2 (p=0.87). Lower ABPI was also strongly associated
On aspirin 245 (33%) 192 (25%) 178 (24%)
with cardiovascular death, adjusted hazard ratio 1.28On anti-hypertensive drug 452 (61%) 387 (51%) 349 (47%)
per 0.2 unit decrease in ABPI (95% CI 1.11 to 1.38,
p<0.001). When the lower of left and right leg ABPI
Table 2. Number of deaths by cause. was used for the analyses there were very similar
findings.Cause∗
These findings were checked in the surveillance
Cancer 148 period before aneurysm repair. During this period 259
Cardiovascular 546
patients died over a median follow-up time of 1.4Acute MI 159
AAA 168† years. The adjusted hazard ratio was 1.29 per 0.2 unit
Chronic IHD 87 decrease in ABPI (95% CI 1.11 to 1.50, p=0.001).
Stroke 44
Other 88
Other 126
Unknown 9
DiscussionTotal 829
∗MI=myocardial infarction, AAA=abdominal aortic aneurysm, The survival of patients with abdominal aortic an-IHD=ischaemic heart disease.
eurysm (AAA) depends upon both factors associated† AAA rupture (n=92) and death within 30 days of AAA repair
(n=76). with recovery from procedures for aneurysm exclusion
and factors associated with longer-term survival.
Cardiovascular disease accounts for about half of theA total of 829 deaths (rate 8.1 per 100 person-years)
were recorded in the patients with a baseline ABPI early post-operative deaths and about two-thirds of
the late mortality following aneurysm exclusion.1,9–11measurement. Cardiovascular causes accounted for
546 (66%) deaths (Table 2). There was a clear as- Therefore, it is perhaps surprising that the resting
electrocardiogram (ECG) has proved to be a poorsociation between lower ABPI and worse survival (Fig.
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index of survival for patients with AAA.11,12 In contrast, for the known cardiovascular risk factors such as
smoking, high blood pressure, cholesterol and an isch-in this study we have demonstrated that the ankle/
brachial pressure index (ABPI) is a powerful prog- aemic ECG. In vascular surgical clinics measurement
of ABPI is a routine diagnostic procedure. The resultsnostic indicator of long-term survival for patients with
AAA. The mortality rate for patients with an average are available immediately and do not require experts
for interpretation: low ABPI is an index of generalisedABPI of <0.87 (one-third of all patients entered into
the U.K. Small Aneurysm Trial and Study) was almost atherosclerosis, which puts the patient at increased
risk of cardiovascular mortality. Therefore, thedouble that of patients with an average ABPI of[0.87.
For instance, almost 1 in 2 of patients with an ABPI measurement of ABPI has considerable diagnostic ad-
vantages over the electrocardiogram or the measure-of <0.87 had died within 5 years of initial assessment,
compared with about 1 in 4 patients with a higher ment of serum cholesterol and its subfractions.
Moreover, even in the absence of overt symptoms, aABPI at initial assessment.
For the majority of patients entered into the U.K. low ABPI is likely to be associated with impairment
of limb function and exercise capabilities.14 Such im-Small Aneurysm Trial and Study, the measurement of
ABPI was performed only on entry, by one of the five pairment is likely to have an adverse effect on cardio-
vascular health.specially trained trial co-ordinators. There may be
considerable variation between left and right leg due Diagnostic tests are most useful when they identify
necessary therapeutic interventions. Surprisingly, evento variation in the extent of atherosclerotic disease and
other factors. For this study we used the mean of left among patients with ABPI in the lowest tertile, only
one-third were taking aspirin. Given that patients withand right ABPI. How accurately will this have been
measured and how different are the values of ABPI AAA already have significant atherosclerosis, this,
together with a low ABPI, might indicate a group whofor right and left leg? Like previous studies,13 some of
these patients with AAA had very different ankle would benefit from low dose aspirin, or one of the
newer anti-platelet drugs if the patient is aspirin in-pressures in the right and left legs. Although a single
measurement of ABPI has a precision of ±16%, this tolerant. Clopidogrel may be of particular benefit for
patients with peripheral arterial disease.15 Detectionis far outweighed by the biological variability between
subjects and between legs.13 This detailed study13 sug- of a low ABPI in a patient with AAA also should alert
the vascular surgeon to refer patients, as appropriate,gested that this repeatability of ABPI is sufficient to
render a single measurement of ABPI suitable for most to smoking cessation, hypertension or lipid clinics for
risk factor modification.epidemiological or population studies. Most epi-
demiological studies have used the lower ABPI (right In summary, for patients presenting with abdominal
aortic aneurysm, measurement of a low ankle/brachialor left leg) in their analyses. Our study showed very
similar results irrespective of whether mean ABPI or pressure index is associated with a heightened mor-
tality risk. These patients with low ankle pressureslower ABPI was used in survival analyses.
Although important non-fatal cardiovascular events may benefit from anti-platelet therapy and should be
(myocardial infarction and stroke) were reported by targeted for investigation and modification of other
the trial co-ordinators during the U.K. Small Aneurysm cardiovascular risk factors.
Trial and Study, these events were not subject to
verification according to WHO guidelines. For ex-
ample, confirmatory reports of ECG or enzyme Acknowledgements
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